Summary.-Hooded Lister/Cbi rats bearing the HSN.TC fibrosarcoma produced a high-titre non-complement-binding IgG antibody, and tests in vitro indicated that the syngeneic antibody was specific for this tumour. About 1-4 x 105 antibody molecules were bound per cell, a figure one eighth that for cells treated with a high-titre alloantiserum. When tumour-bearer serum was passively transferred into congenitally athymic rats bearing the HSN.TC tumour the antibody was absorbed out specifically, by comparison with control animals or athymic rats bearing an unrelated tumour that was also syngeneic in Hooded rats. The kinetics of loss of antibody from the surface of HSN.TC cells has been monitored in vitro and the antibody has been found to have an extended half-life at the cell surface (>40 h).
THE METASTASIS of chemically induced tumours in experimental animals can be influenced by the host's immune system. Tumours that show a low rate of spontaneous metastasis in the immunocompetent host, have been found to exhibit rapid and widespread dissemination in animals that (a) are congenitally athymic (Eccles et al., 1979) (b) have been T-celldeprived by thymectomy and sub-lethal irradiation (Eccles & Alexander, 1974) or (c) have been immunosuppressed by treatment with cyclosporin A (Eccles et al., 1980) . In one such model system (the HSN.TC fibrosarcoma grown in syngeneic Hooded rats) we have found (Eccles et al., 1979) that when this tumour was grown in athymic rats, they failed to produce the specific serum antibody normally found in immunocompetent animals, and were also defective in the recruitment of mononuclear phagocytic cells. Currently we are attempting to define the role of humoral factors in metastatic disease, and in this communication report further on the specific antibodies that are produced in Hooded rats during the growth of the HSN.TC fibrosarcoma. In particular, we have compared the rates of clearance from circulation of these antibodies after i.v. injection into normal or tumourbearing animals and have examined the half-life of the antibodies at the surface of cultured tumour cells.
MATERIALS AND METHODS
Animals.-Inbred rats of the following strains were taken from our own barriermaintained colony: Lister Hooded/Cbi (RT1C), WVistar (RTIV) and athymic nudes derived from a Rowett (rnu/rnu) x Lister Hooded/ Cbi cross, now at the 5th backcross generation.
Tumouars anid cell cultures-Two fibrosarcomas were used, both syngeneic to Hooded/Cbi rats, HSN.TC-a 3,4-benzpyreneinduced tumour (Currie & Gage, 1973) and MC24, a 20-methylcholanthrene-induced tumour (Eccles et al., 1980) . They were passaged routinely by implantation in the hind leg of Hooded rats. Cells for culture in vitro were obtained by trypsinization of tumour explants and grown routinely in Fischer's medium containing 1000 heat-inactivated foetal calf serum (FCS), 500 i.u./ml penicillin, 50 ,ug/ml streptomycin, 100 ,tg/ml neomycin and sup-plemented with 50 u/ml mycostatin. To re-establish these tumours in vivo, cultured cells were injected into 12-week-old rats at a dose of 5-10 x 105 cells per animal, given i.m. into one hind leg.
For testing the specificity of antisera, short-term cultures of the following rat fibrosarcomas were established in vitro: HSBPA and ASPB1 (3,4-benzpyrene induced) MC24, . With the exception of the August rat sarcoma (ASBP1) these tumours were syngeneic with Lister Hooded/Cbi rats. Cultures of normal rat fibroblasts were obtained by trypsinization of xiphisternae from Lister Hooded/Cbi rats (HOXI-RTle haplotype) and Lou/Wsl rats (LOXI-RTIv haplotype).
Antisera.-Alloantisera were raised by immunizing 10-week-old Wistar rats at 10-day intervals with 5 x 107 cultured tumour cells per rat, distributed over 4 sites i.m. and one i.p. The animals were exsanguinated, by cardiac puncture under anaesthesia, 10 days after the last immunization. Syngeneic anti-HSN.TC sera were obtained from tumour-bearing Hooded rats. Sera obtained from age-and sex-matched normal Wistar or Hooded rats were used as controls. The sera were decomplemented where necessary by heating at 5600 for 45 min.
Detection For quantitative estimation of cell-bound antibody by RIA, the washed, sensitized monolayers in multiwell plates were lysed by incubation for 30 min at 20°C with 0 5 ml of -0O1m Tris buffer (pH 8.2) containing 1% sodium deoxycholate, 0.5% bovine serum albumin, 10-3M phenylmethylsulphonyl fluoride, and 100 ,ug DNAse (Sigma, Poole, Dorset). Rat immunoglobulins present in the samples were quantitated by a solid-phase RIA, employing rabbit anti-rat F(ab')2 linked to DASP anti-rabbit (Organon-Technika, Huntingdon) and using 1251-labelled rat IgG2 as antigen (Styles, 1978) .
Monolayers of antibody-coated cells were tested for complement-fixing antibodies, either by using the 1251-Clq-binding assay or by monitoring the lysis of 51Cr-labelled cells (Shepherd & Dean, 1979) .
Clearance of syngeneic anti-HSN.TC antibody in vivo.-Fibrosarcomas HSN.TC and MC24 were established in 12-week-old nude female Lister Hooded/Cbi rats, with age-and sex-matched non-tumour-bearing nudes as controls. Twenty-one days later, when the tumours were 1 5-2 cm in diameter, 1 ml of syngeneic anti-HSN.TC serum, obtained from Hooded rats that had borne this tumour for 21 days, was injected i.v. into each animal. Blood samples were taken from the jugular vein during the subsequent week and the resulting sera were tested, by the antiglobulin assay, for the presence of antibody that would bind specifically to monolayers of HSN.TC, using as controls samples of serum taken from each animal before the specific antiserum was injected.
Clearance of syngeneic anti-HSN.TC antibody in vitro.-Experiments of two types were performed with HSN.TC cells grown as monolayers in Microtest II plates.
In the first series of experiments, cells were exposed for 1 h at 370C to dilutions in medium of the syngeneic antiserum or normal rat serum. They were then washed x 3 and incubated in fresh medium at 37°C. Samples were taken at intervals, the medium was discarded, and the quantity of rat antibody remaining bound to the cell surface was assayed with the antiglobulin assay. The quantity of specific antibody bound was determined after correction for that bound by cells treated with normal rat serum. In the second series, HSN.TC cells were exposed continuously to the dilutionis of test and control sera at 37°C. Samples wA-ere taken at intervals, the cells were washed x 3 and the amount of cell-bound antibodv was estimated as before.
RESULTS
Specificity of the antibodies to HSV.TC We have conducted two types of test to establish the tumour-specificity of the syngeneic antibodies to HSN.TC. In the first, samples of serum taken from animals after 21 days of tumour growth or 15 days after tumour excision, were tested in vitro by titration on monolayers of 6 fibrosarcoma and 2 normal fibroblast cell lines. The binding of 1251 anti-F(ab')2 by cells that had been treated with a 1/80 dilution of either normal or immune serum is shown in Table I . The results show that, only the HSN.TC gave specific binding of antibodies from tumour bearer and postamputation sera. At no time were we able to detect significant amounts of anti-HSN.TC antibodies of the IgA or IgE classes, though specific IgA antibodies were detected in the bile of rats bearing this tumour along the gut (Gyure et al., 1980) . We could not demonstrate the presence of complementfixing antibodies by either test used. The anti-HSN.TC antibodies were largely of the IgG2 subclass (Fig. 2 ) though lower levels of IgG1 could be detected in all samples taken from 7 days onwards. IgM antibodies were found infrequently and were of low titre.
Concentration of tumour antigens at the cell surface
Confluent monolayers of HSN.TC cells were sensitized with dilutions of allo-0 antiserum, syngeneic anti-tumour serum or normal sera. After thorough washing to remove unbound immunoglobulin, the cells were lysed with deoxycholate and the quantity of immunoglobulin present estimated by RIA. To determine the quantity of specific cell-bound antibody at saturation, Scatchard plots of the data (corrected for non-specific binding of control sera) were made by using as the value for "free antibody" the quantity of serum immunoglobulin added per 106 cells. From these plots (Fig. 3) The relatively slow specific clearance of antibodies in HSN.TC-bearing nude rats (Fig. 1) dilutions of antisera or normal rat sera and then incubated in fresh medium at 37°C. Cell-bound antibody was determined using 1251 sheep/rat F(ab')2.
failure of the antibodies to interact efficiently with the cells of the tumour, or by the slow clearance of surface-bound antibodies by the tumour cells themselves.
To investigate this problem we examined the behaviour of cultured HSN.TC cells exposed for 1 h to the syngeneic antiserum, washed and then incubated under conditions suitable for cell growth. We have compared these results with those from the same batch of cells treated in the same manner with a high-titre alloantiserum.
The results of a typical experiment are illustrated in Fig. 4 , which shows the specific antibodies bound to the cells (monitored with 1251-sheep/rat F(ab')2) at various times during incubation after sensitization. The data show that cells treated with anti-tumour serum had a slow exponential rate of disappearance of surface-bound antibody, with a half-life of -60 h.
The results obtained in several experiments are detailed in Table II . Similar slow clearances were obtained if an Fe specific reagent (1251-sheep/rat IgG2) was substituted for the anti-F(ab')2 reagent, indicating that the antibodies remaining at the cell surface were intact immunoglobulins. These results contrast with the behaviour of cells treated with alloantiserum, where the loss of cell-surface antibody was faster and took place in two well-defined stages (see Fig. 4 ). The first phase was rapid, with up to half of the bound antibody having been cleared from the cell surface by 7-10 h. Although the remaining fraction was cleared more slowly (half-life 22-36 h, see Table II ) the rate was still faster than that of the anti-HSN.TC antibodies. No loss of antibody was found, however, when the cells were incubated for 4 h at 0°C (data not shown) showing that loss of low-affinity antibody (Old et al., 1968) Muller et al., 1980) . Subsequently, many of the internalized membrane components are recycled to the cell surface. The fact that recycling times for plasma membrane proteins have been estimated as 30 min or less (Muller et al., 1980) suggests that our antigen-antibody complexes are either not internalized or they must be recycled repeatedly during their apparent lifetime at the cell surface. Currently, this aspect is under investigation.
